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F IELD OF THE INVENTION AND RELATED ART 

The present invention relates to an ink container 
and a recording head having the same usable with a 
recording apparatus for effecting recording operation 
using liquid ink in the form of a copying machine, fas- 
cimile machine, printer, compound machines or the 
like 

U.S. Patents Nos. 4.095.237 and 4,306,245 dis- 
close an ink container accommodating a liquid 
absorbing material occupying a part or entirety of the 
inside space thereof. In the latter mentioned patent, 
an end of the ink supply pipe communicating with an 
Inkjet recording head is enclosed by a porous elastic 
material, and therefore, the ink supply performance ts 
quite satisfactory, and is practically advantageous 
from the standpoint of preventing influences of the air 
introduced into the container. 

U.S. Patent No. 4,164,744 discloses a structure 
in which a coloring material is stored in a sealed con- 
tainer. This relates to a printing pen, and therefore, the 
introduction of the air in accordance with the con- 
sumption of the ink as in the case of the Inkjet record- 
ing is not recognized. 

U.S. Patent No. 3,967,286 discloses an example 
using plural ink absorbing materials, more particularly 
an ink absorbing material in an ink container movable 
together with the recording head and a wick contacted 
to the ink absorbing material. However, it does not 
recognize the problem of the air introduction when the 
ink absorbing material is opened to the air. 

U.S. Patent No. 4,368,478 discloses provision of 
porous material in a common liquid chamber and/or 
ink container of the ink absorbing portion, and dis- 
closes that the fibers are suspended in the ink at a 
position upstream of the porous material in the direc- 
tion of the ink supply so as to prevent the porous ma- 
terial from being clogged with the air bubbles. This 
however deals with the bubbles having passed 
through the ink supply pipe, but does not disclose the 
prevention of the introduction of the air into the record- 
ing head itself. This would be because the mechanism 
of the introduction of the bubbles is not analyzed suf- 
ficiently. It seams to base on the assumption that the 
introduced air is immediately conveyed into the 
recording head from the ink supply container. It invol- 
ves the problem that the fibers and filler materials are 
deposited on the inner wall of the container and the 
problem of the insufficient ink supply when the num- 
ber of ejection outlets is increased or when the 
apparatus is driven at a high speed. 

In the prior art, the ink supply container capable 
of sufficiently supplying the ink for driving more than 
1 0 ejection outlets or at the frequency not less than 5 

KHz - 

In European Patent Application No. 
90310167.3/1990 corresponding to U.S Serial No. 
583,136/1990 which has been assigned to the assig- 



nee of this application, proposes the internal structure 
of the container and the end position of the ink supply 
pipe wherein the influence by the introduction of the 
air to the ink supply performance is avoided. 
5 According to this proposal, the time required for the 
introduced air to reach the ink suply pipe end is sig- 
nificantly delayed, and is therefore, it is practical and 
good. 

The present invention relates to the problems of 
10 the introduction of the air in accordance with the con- 
sumption of the ink. 

The invention starts from the finding that as long 
as one porous ink absorbing material is used, there is 
a limit in delaying the arrival of the air to the ink outlet 
ts portion (as seen from the ink supply container) along 
the inside of the absorbing material or along between 
the container wall and the absorbing material, and 
therefore, there is a limit to the reduction of the 
amount of the unusably remaining ink. 

20 

fit IMMARY OF THE INVENTION 

Accordingly, it is a principal object of the present 
invention to provide an ink container and a recording 
25 head using the same in which the motion of the air 
introduced is stopped or significantly delayed using 
different ink absorbing materials so as to increase the 
ink suppliable period. 

It is another object of the present invention to pro- 
ao vide an ink container and a recording head using the 
same wherein the amount of the unusably remaining 
ink can be minimized when the ink container accom- 
modates an ink absorbing sponge. 

It is a further object of the present invention to pro- 
35 vide an ink container and an ink jet recording head 
using the same wherein the plural ink absorbing mate- 
rials are related so as to preclude the introduction of 
the air to the recording head with certainty. 

It is a yet further object of the present invention to 
40 provide an ink container and an ink recording head 
wherein the initial conditions can be properly set for 
the container having the plural absorbing material. 

It is a further object of the present invention to pro- 
vide an ink filling method or ink refilling method to the 

45 container. 

It is a further object of the present invention to pro- 
vide a method for properly mounting the plural absorb- 
ing material in the ink container before the filling of the 
ink. 

so It is a further object of the present invention to pro- 
vide an ink container or a recording head using the 
same wherein the multi-nozzle recording head having 
not less than 10 ejection oultets can operate 
assuredly on various recording materials such as 
55 paper or cloth. 

According to an aspect of the present invention, 
there is provided an ink container, comprising: an ink 
discharging portion for discharging ink; an air vent; 
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first liquid absorbing materia! for absorbing the ink 
therein; a second ink absorbing material, disposed 
between said air vent and said first absorbing ma- 
terial, for absorbing the ink, said first and second 
absorbing materials being at least partly contacted to 
each other. 

According to another aspect of the present inven- 
tion, said partition member is of flexible resin material 
enclosing the fibrous material and compressing them 
in a direction crossing with lengths of the fibrous mate- 
rials; and said first absorbing material comprises a 
number of fibrous material compressed in a direction 
crossing with the lengths of the fibrous material, and 
a peripheral portion of a bundle of the fibrous material 
is contacted to said second absorbing material. 

According to a yet further aspect of the recording 
head, there is provided an ink jet recording head, 
comprising: a recording head having more than 10 
ejection outlets for ejecting ink and electrothermal 
transducers for the respective ejection outlets for 
creating bubbles through a film boiling by thermal 
energy and a common chamber for supplying the ink 
to the ejection outlets; an ink supply member for sup- 
plying the ink to the common chamber and provided 
with a filter at an ink receiving end thereof; a discharg- 
ing portion for discharging the ink to the ink receiving 
end for said ink supply member; an air vent; a first 
absorbing material for aborbing ink therein, said first 
absorbing material comprising a number of fibrous 
materials in a compressed state and a flexible resin 
material enclosing member having an opening for 
exposing said fibrous materials, said first absorbing 
material exhibiting ink guiding property; a second 
absorbing material for absorbing the ink, disposed be- 
tween said air vent and said first absorbing material, 
said second absorbing material being contacted to 
the fibrous material through the opening, said second 
absorbing material being compressed to provide 
vacuum, said second absorbing material being of con- 
tinuous porous elastic material; and wherein in said 
discharging portion, a filter at the ink receiving end of 
said ink supply member is inserted into said first 
absorbing material in the direction of the length of the 
fibrous material, wherein a depth of the insertion is not 
less than 3 mm, wherein a diameter D of said ink sup- 
ply member in a perpendicular croos-section with res- 
pect to a direction of the ink supply adjacent the filter 
of the ink supply member and a diameter d of said first 
absorbing material in the perpendicular cross-section 
adjacent to the filter satisfy d ^ 1 .5D, and the opening 
has an area of not less than 100 mm 2 . 

These and other objects, features and advan- 
tages of the present invention will become more appa- 
rent upon a consideration of the following description 
of the preferred embodiments of the present invention 
taken in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view of an ink jet recording 
head according to an embodiment of the present 

5 invention. 

Figure 2A schematically shows the mechanism of 
the air bubble introduction into a bundle of fibers (ink 
guiding members), when the air bubble is not capable 
of entering the bundle of the fibers. 

io Figure 2B shows the same when the slight 

amount of the air bubbles can enter the bundle of the 
fibers, but the prevention is better than the conven- 
tional case. 

Figure 3 is a sectional view of an ink jet recording 
15 head according to another embodiment of the present 
invention. 

Figures 4A and 4B are a sectional view and a 
perspective view of an ink container. 

Figure 5 is a recording head assembly having the 
20 ink container shown in Figure 4, the head assembly 
being detachably mountable. 

Figure 6 is an exploded perspective view showing 
the internal structures of the ink accommodating con- 
tainer according to an embodiment of the present 
25 invention. 

Figure 7 is a sectional view showing the position 
and configuration of the absorbing material in the ink 
container and the position of the ink supply pipe. 

Figure 8 shows the internal structures of the ink 
30 accommodating container, which is a modification of 
Figure 6 embodiment. 

Figure 9 shows a structure of an ink container 
constituting an ink jet recording head. 

Figure 10 shows an ink jet cartridge according to 
35 an embodiment of the present invention. 

Figure 11 is a perspective view of an ink jet 
cartridge. 

Figure 12 is a schematic view of an ink jet record- 
ing apparatus. 

40 Figure 13A and 13B show a first ink absorbing 

material according to an embodiment of the present 
invention. 

Figures 14A and 14B show fibers extending in 
one direction, according to an embodiment of the pre- 
45 sent invention. 

Figure 15 shows the ink container, according to 
an embodiment of the present invention. 

Figure 16 shows an ink container illustrating a 
method of filling it with the ink. 
so Figure 1 7 shows a major part in the method of Fig- 

ure 16. 

Figure 18 shows a driving mechanism for a 
recording head. 

55 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



3 



Referring to Figure 1, there is shown in cross-sec- 
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tion an ink jet recording head according to an embo- 
diment of the present invention. 

Referring numeral 1 designates the recording 
head. The recording head 1 comprises a main assem- 
bly having an ink ejecting function which will be des- 
cribed hereinafter and an integral ink container 3 for 
supplying the recording ink to the main assembly 2. 
The ink container 3 functions to contain the recording 
liquid and has a partition wall 4 for providing a first 

rhnmKor Q A -nri Infant th o main aceomhlw anrl a car. 
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ond chamber 3B adjacent an air vent of the container, 
the partition wall 4 being integral with the casing of the 
container 3. In this example, the partition wall 4 
extends substantially parallel to the wall portion 12A 
of the first chamber 3A. A partial opening 4A is formed 
substantially at the center of the partition wall 4 so that 
the two chambers communicate with each other. In 
the first chamber 3A, an end of a supply pipe 9 com- 
municating with the main assembly 2 is inserted. The 
end of the supply pipe 9 is provided with a filter 8 for 
preventing introduction of foreign matter into an ink 
passage 1 0. The other end of the supply pipe 1 0 con- 
stitutes an ink discharger 7. The second chamber 3B 
is provided with an opening 11 communicating with 
the ambience (air vent). The second chamber 3B of 
the ink container 3 is filled with a sponge 5 (second 
liquid absorbing material) made of continuous fine 
porous material such as polyurethane or the like hav- 
ing sufficient elasticity and liquid absorbing property. 
The first chamber 3A is filled with fibers 6 (first absorb- 
ing material) in the form of a bundle of polyester resin 
fibers compressed an extended in the same direction. 

It is desirable that the fibers 6 extend in the direc- 
tion toward the end of the supply pipe 9 for the record- 
ing head, although they may be vent partially. This 
direction is advantageous since the ink supply prop- 
erty is improved. By constituting the bundle by a quite 
large number of fibers (8000, for example) and are 
compressed in the direction substantially perpendicu- 
lar to the direction in which they are extended, so that 
the fine capillary forces can be provided. This is effec- 
tive to delay the introduction of air bubbles, and sim- 
ultaneously, the increase of the size of the air bubble 
can be prevented. If the fibers are compressed within 
a proper range, the ink guiding properties are enh- 
anced in accordance with the consumption of the ink, 
and therefore, the supply of the ink into the bundle of 
the fibers is better, and the long term ink supply is 
assured. Even if the air bubbles are introduced, the 
good ink guiding property is effective to exclude the 
bubbles from the bundle of the fibers. This is also 
advantageous from the standpoint of the ink supply. 

In this embodiment, the directions in which the fib- 
ers are extended is substantially parallel with the wall 
surface of the partition wall 4 and the wall portion 12A 
of the first chamber 3A. The longitudinal end portions 
of th fibers are assuredly contacted to the other wall 
portions 12B and 12C of the first chamber 3A which 



are perpendicular to the above wall surfaces. The 
central portion of the bundle of fibers at an end is in 
contact with one surface of the filter 8 for the supply 
pipe 9, as shown in the Figure. Preferably, the central 

5 portion is press-contacted to the surface. The opening 
4A of the partition wall 4 is away from the end of the 
supply pipe 9 by a proper distance, but they are suf- 
ficiently close to each other. In such an Inkjet record- 
ing head 1, in accordance with the ejection of the ink 

in from the ink ejector 7, the ink is gradually consumed 
from the neighborhood of the filter at the end of the 
supply pipe 9. The ink retained in the bundle of the fib- 
ers is subjected to the capillary force in the direction 
of the fibers, since the number of fibers are bundled 

15 and are extended in the same direction. Because of 
the capillary force, the ink smoothly moves along the 
fibers to the filter 8, and are assuredly supplied from 
the end of the ink supply pipe 9 to the ink ejector 7 hav- 
ing an unshown ink ejecting means. 

20 As will be understood from the foregoing, if the ink 

is assuredly supplied to the fibers, then the ink can be 
assuredly supplied to the ink ejector. 

For example, when the recording head is directed 
downwardly, the ink is supplied from the upper posi- 

25 tion, and is further supplied to the recording head by 
the fibers. In this case, the ink container may be sea- 
led from the ambient air. 

Referring back to Figure 1, the ink contained in 
the sponge 5 in the second chamber 3B is supplied by 

30 the vacuum through the opening 4A of the partition 
wall 4 to that portion of the fibers in the first chamber 
3A which is in contact with the sponge 5. In response 
to the consumption of the ink, the air enters the sec- 
ond chamber 3B through the air vent 11 so as to 

35 balance the pressures in the first and second cham- 
bers 3A and 3B, thus assuring the continuous supply 
of the ink. 

As regards the relative characteristics of the fib- 
ers 6 and the sponge 5 are as follows. 

40 First, the ink supply to the recording head is 

accomplished by the fibers 6, and the sponge 5 is be- 
tween the fibers and the air vent. Second, the fibers 
and the sponge are in contact with or in press-contact 
with each other. Those two points are effective to 

45 delay the motion of the air in the container so that the 
ink can be more efficiently supplied to the recording 
head. 

Third, the fibers 6 are better than the sponge 5 in 
all of the capillary force, the ink retaining character- 
so istics and the air excluding characteristics. Therefore, 
the introduction of the ink mainly occurs in the sponge 
5 or the space between the sponge and the inner wall 
surface, so that the arrival of the air at the first cham- 
ber 3A can be significantly delayed. Therefore, the 
55 quantity of the wasteful ink which remains unusably in 
the container can be minimized. 

Here, the advantageous effects of this embodi- 
m nt which are common to th embodiments which 
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will be described hereinafter, will be described, in 
comparison with the problems with the conventional 
structures. In the case in which the ink container is fil- 
led with compressed single sponge, it is known that 
the air enters the inside of the sponge by the vacuum 
of the sponge. However, before the air enters the 
inside of the sponge, the air main move along the 
inner surface of the container immediately after the 
consumption of the ink even to the extent to the 
recording head. Once this occurs, the air exists in the 
form of a bubble or bubbles, and the size thereof 
increases with the result of reduction of the ink supply 
performance. For the purpose of recovery, the air can 
be sucked out through the recording head ejection 
outlets, using a sucking pump. However, this provides 
only a temporary recovery at the cost of a large quan- 
tity of the ink. The same problem will be repeated. In 
this embodiment, or in the embodiments which will be 
described hereinafter, the time of the occurence of 
this problem can be significantly delayed, or can be 
completely eliminated. 

Since in this embodiment, the sponge 5 and the 
fibers 6 are directly contacted through the opening 4A, 
the ink movement from the sponge 5 to the fibers 6 is 
smooth. 

Preferable condition of the relation between the 
sponge 5 and the fibers 6 in the opening 4A will be 
described. Since the opening 4A is defined by the par- 
tition wall 4, and therefore, the opening is defined by 
the material which is more rigid than the sponge or the 
fibers, and therefore, not easily deformed. The thick- 
ness of the wall 4 is preferably small, but it still has a 
certain thickness. Therefore, one or both of the 
sponge 5 and the fibers 6 are bulged into the opening. 
In this embodiment, the opening area is not less than 
100 mm 2 , more particularly, 200 mm 2 , and therefore, 
both of them are bulged for direct contact therebet- 
ween (Figure 1 ). Existence of the fibers 6 in the open- 
ing is effective to prevent movement of the air bubble 
from the second chamber 3B into the first chamber 
3B, in other words, the reception of the ink by the fib- 
ers from the sponge 5 is enhanced. 
Additionally, the existence of the sponge in the open- 
ing is effective to slightly shift the center of the vacuum 
toward the opening 4A, and therefore, the finally 
remaining quantity of the ink in the sponge can be 
further reduced. 

In this embodiment, the state of contact between 
the sponge 5 and the fibers 6 is preferable. Figures 7A 
and 7B show examples of the structures usable with 
the present invention, but the structure of Figure 7A 
is preferable. The preferable one is used in this embo- 
diment. In Figure 7, the reference X indicates the 
direction in which the ink moves from the sponge 5 to 
the fibers 6, and therefore, the air bubble or bubbles 
also move in the direction X. In Figur 2A, the 
periphery of the bundl of the fibers 6, that is, the side 
of the bundle is contacted to th sponge 5. In other 



words, the direction of the ink supply from the sponge 
crosses with the ink guiding direction of the bundle of 
fibers. By this way of the contact, the introduction of 
the air into the fibers from the sponge can be further 

5 prevented. 

When the cross-sectional surfaces of the fibers 6 
are contacted to the porous material, as shown in Fig- 
ure 2B, the air bubble or bubbles retained in the bun- 
dle of fibers are confined in the fine clearances among 

io the fibers, but the ink is more positively guided than 
the air bubble, and therefore, the ink can be supplied 
stably for a long term. Figure 2A arrangement is, how- 
ever, better than Figure 2B arrangement. 

Even if the air bubble enters the bundle of the fib- 

75 ers, the contacts of the ends of the fibers to the wall 
surface portions 1 2B and 1 2C of the first chamber 3A 
is effective to expel the air bubbles toward the wall 
portions 12B or 12C. For this reason, the air bubbles 
do not reach the filter 8 of the supply pipe 9, and there- 

20 fore, they are excluded from the neighborhood of the 
filter 8. 

In addition, the opening 4A of the partition wall 4 
is formed at a position away from the supply pipe 9 
inlet by a proper distance, the ink in the sponge 5 is 

25 supplied through the opening 4A and is once retained 
by the fibers 6, and only then the ink is supplied to the 
ink ejector 7 through the supply pipe 9. This is also 
advantageous in that the introduction of the air from 
the sponge 5 into the ink ejector 7. 

30 Figure 3 is a sectional view of an ink jet recording 

head according to another embodiment of the present 
invention. In this Figure, reference numeral 60 desig- 
nates the ink jet recording head. The structure of the 
recording head 60 is substantially the same as the 

35 recording head 1 of Figure 1 , and therefore, the same 
reference numerals are assigned to the elements hav- 
ing the corresponding functions, and the detailed des- 
cription thereof is omitted for simplicity. In the 
recording head shown in Figure 3, the ink container 3 

40 is provide with two partition walls 61 and 62 which are 
integral with the inner wall of the ink container 3. By 
the two partition walls 61 and 62. there are provided 
one first chamber 3A and two second chambers 3B 
and 3C adjacent and at the opposite sides of the first 

45 chamber 3A. The first and second partition walls 61 
and 62 are provided with partial openings 61A and 
62A substantially at the center thereof. In the first 
chamber 3A, an end of a supply pipe 9 in communi- 
cation with the ink passage 1 0 and therefore, with the 

so ink ejector 7 is inserted so that the portion of the ink 
pipe 9 extends parallel with the partition walls 61 and 
62. The end of the supply pipe 9 is provide with the 
filter 8. In the first chamber 3A, fibers 6 are extended 
in the manner that the direction of the fibers are par- 

55 ailel with the partition walls 61 and 62 and that the 
central portion of on end of the bundle of th fibers 
is contacted to a surface of the filter 8 at the end of the 
supply pipe 9. The second chambers 3B and 3C are 
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filled with sponges 5, respectively. Although in the 
Figure the air vent 11 is provided only for 3B of the 
second chambers, but the air vent is also provided for 
the other second chamber 3A. The first absorbing ma- 
terial 5 and the second absorbing material 6 are 
directly contacted through the two openings 61 A and 
62A, respectively, so that the ink is smoothly supplied 
from the absorbing materials 5 to the absorbing ma- 
terial 6. In the liquid jet recording head 60, in accord- 
ance with the ejection of the ink through the ink ejector 
7, the ink is gradually consumed from the 
neighborhood of the filter 8. Since the fibers 6 are 
extended in the same direction, the capillary forces 
are applied along the fibers. By the capillary force, the 
ink smoothly moves along the fibers to the filter 8. 
Then, the ink is supplied to the ink ejector 7 by the ink 
ejecting means not shown by way of the supply pipe 
9. The ink contained in the first absorbing material 5 
in the second chambers 3B and 3C is supplied to the 
second absorbing material 6 in the first chamber 3A 
through the openings 61 A and 62A of the partition 
walls 61 and 62. They are, similarly consumed for the 
recording. Simultaneously with the ink consumption, 
the air enters the second chamber 2B through the air 
vent 1 1, so that the pressures in the first chamber 3A 
and in the second chambers 3B and 3C, are balanced, 
by which the ink supply is assured. 

According to this embodiment, the opening area 
may be larger than in the first embodiment, the ink 
supply from the sponge 5 to the fibers 6 is more effi- 
cient. Since the sponges 5 and the fibers 6 are directly 
contacted to each other through the openings 61A 
and 62A, and therefore, the ink movement is small. 
The contacts at the respective positions between the 
fibers 6 and the sponges 5, are the same as in the 
case of Figure 2A. 

In the foregoing embodiment, the partition in the 
ink container is provide by the partition walls 61 and/or 
62, but the partition may be provided inside ribs or a 
member joined to the inside surface of the container. 

The partition member may be in the form of a flexi- 
ble elastic sheet mounted in the ink container. In this 
case, by the deformation or displacement of the ink 
retaining material due to the air or gas in the ink con- 
tainer, the state of ink, temperature or another 
ambient condition may be accomodated by the defor- 
mation of the elastic sheet so that the ink supply can 
be maintained. 

The partition wall may be in the form of a cylinder 
in which the bundle of fibers is disposed, and porous 
material having the elasticity and liquid absorbing 
characteristics may be disposed between the partition 
wall and the ink container. 

Figures 4A, 4B and 5 shows an embodiment in 
which the partition member is integral with the fibers 
or the absorbing material, but is not fixed on the inside 
of the ink container. 

In Figures 4A, 4B and 5, the fibers and the sponge 



providing the vacuum in the ink supply action, are 
freely deformed when receiving the ink. In this embo- 
diment, the stabilized vacuum and therefore, the ink 
supply is stabilized. By the partition member, the 

5 deformation of the fibers can be suppressed to stabi- 
lize the vacuum. Thus, the contact between the 
sponge and the fibers can be stabilized. The motion 
of the air between the different absorbing materials 
can be prevented. The partition member usable with 

io this embodiment may be in the form of a sheer, plate. 
Preferably, it may be resin or aluminum sheet enclos- 
ing the fibers mostly to retard movement of the air or 
to stop it. 

Figures 4A and 4B are sectional view and 
15 perspective view of the ink container of a partition 
sheet according to an embodiment of the present 
invention. In the Figure reference 1A designates an 
ink container. The inside of the ink container 1A is 
divided into two chambers by the partition member 40 
20 having the partial opening 40A. Adjacent the ink dis- 
charging portion of the ink container, the portion (one 
of the chambers) connected to the communicating 
pipe 9 is filled with fibers 6. 

The other chamber is filled with a porous material 

25 5 having elasticity and liquid absorbing property. 
Here, an air vent 11 is formed. The partition member 
40 is made of flexible sheet, more particularly, 
polyethylene resin material in this embodiment. The 
ink is supplied through the pipe 9, and the quantity of 

30 the image inside the ink container 1A decreases in 
accordance with the ink supply. To permit this, the 
space of the ink is replaced with the air through the air 
vent 1 1 . However, the supply pipe 5 is isolated by the 
partition member 40, and by the capillary action of the 

35 fibers 6, the neighborhood of the pipe 9 is filled with 
the ink, so that the ink supply is stabilized. In addition, 
since the partition member 40 is made of flexible 
sheet, it can flexibly follow the internal pressure be- 
tween the two materials 5 and 6 due to the supply of 

40 the ink, so that the contact between the fibers 6 and 
the porous material 5 is stabilized. 

In Figures 4A and 4B, the ink supply direction by 
the fibers and the ink supply direction by the porous 
sponge cross with each other, as in Figure 2A 

45 example. The elastic porous material is usually com- 
pressed in the container and increases its volume 
when the air is introduced thereinto as a result of the 
ink consumption. To the contrary, the spaces be- 
tween fibers expand when the ink is absorbed. When 

so the ink is discharged therefrom, the spaces contract. 
Therefore, even rf the volume of the bundle of the fib- 
ers changes slightly, the pressure by the porous ma- 
terial in the direction crossing with the fiber direction 
increases with the ink supply to the bundle of the fib- 

55 ers. This is effective to maintain the good contact be- 
tween them, and is also effective to maintain the 
capillary force by the fibers. Therefore, the ink supply 
to the ink container is stabilized for a long p riod of 
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time. 

Figure 5 shows a bubble jet cartridge BD01 avail- 
able from Canon Kabushiki Kaisha, Japan having the 
ink container 1A shown in Figures 4A and 4B. The 
detailed description thereof will be made hereinafter 
in conjunction with Figures 10, 11 and 12. Here, the 
major parts only will be described. 

An ink jet cartridge IJC has a cartridge main 
assembly 1000, an integral ink jet unit IJU and an in- 
tegral ink jei head iJH. The cartridge main assembly 
1000 comprises the bundle of fibers, a partition mem- 
ber 40 having an opening 40A, a porous material 900 
in the order named with compression. The ink supply 
from the container to the head IJH is effected through 
an ink supply pipe 2200 penetrating the supply port 
1200 and through an ink conduit 1600 to the ink inlet 
port 1500 of the common chamber. The ink jet head 
IJH forms a bubble using thermal energy, as will be 
described hereinafter to eject the ink. It comprises 
plural ejection outlets and effects on-demand record- 
ing at high frequency. With the use of the ink container 
1A, the ink can be stably supplied to the recording 
head from the ink container, and therefore, the bubble 
creation using the film boiling, can be stabilized. 

The above embodiment uses a flexible sheet, but 
the same advantageous effects are provided when a 
flexible tube enclosing the fibers is used. It is prefer- 
able that the fibers are compressed in the tube, since 
then the bundle of the fibers can be easily mounted in 
the ink container. 

As described in the foregoing, Figures 4 and 5 
embodiment is preferable in that the second absorb- 
ing material which is controlling with respect to the 
vacuum but which is deformed when receiving the ink 
from the first absorbing material or which is locally 
deformed, can be stabilized in the formation of the 
vacuum and in the supply of the ink. The formation of 
the second absorbing material is suppressed by the 
partition member, and the vacuum is stabilized. The 
contact between the first absorbing material and the 
second absorbing material can be stabilized, and the 
movement of the air or the like between the absorbing 
materials can be prevented. 

Figures 6, 7 and 8 shows the embodiment whe- 
rein a member enclosing the fibers is used. In Figures 
6-8, the fibers are uniformly distributed relative to the 
ink discharging portion, and is advantageous in that 
the ink supply is made uniform to the ink discharging 
portion. In this embodiment, the bundle of fibers and 
the porous material are simultaneously mounted in 
the ink container, by which the deformation of the bun- 
dle of the fibers is prevented, thus stabilizing the con- 
tact between the absorbing materials. The ink can be 
supplied thereafter with stability without remaining the 
air, by which the ink communication at the contact por- 
tion is stabilized. 

Figure 6 shows an exploded view of the ink con- 
tainer. In this Figure, the porous material 900 is diffe- 



rent from the foregoing embodiments is cut at a comer 
to accommodate the bundle of the fibers. To the cut- 
away portion, an opening 904 of the cylindrical parti- 
tion member is contracted with good 

5 close-con tactness with the fibers 902. 

The ink container comprises the porous material 
900 for retaining the ink, a bundle of fibers 902 for 
retaining a constant amount of the ink, a tube for hold- 
ing the fibers 902 and functioning as a partition merrv 

io ber press-contacted to the porous material 901 and 
made of flexible material, an ink supply port 904 for 
supplying the ink from the porous material 900 to the 
fibers 902. The supply port 904 is formed in the tube 
903. 

15 Figure 7 shows the ink container having the 

absorbing material 901 in the ink container 1000, and 
an ink supply pipe 2200 for the ink jet unit IJU inserted 
in the fibers 902. 
\ The porous material 900 is made of polyurethane 

20 or the like capable of retaining the ink. It is preferably 
provided with inclined or recessed portion for permit- 
ting deformation of the fibers 902. The contact be- 
tween the porous material 900 and the bundle of the 
fibers 902 may be made at plural surfaces or by a cur- 

25 ved surface, rather than a single flat surface, so that 
the ink is stably supplied. The bundle of fibers 902 
functions to retain a sufficient quantity of the ink to 
supply the ink from the porous material 900 to the ink 
supply pipe 2200 of the ink jet unit IJU. The fibers in 

30 this example are made of polyester resin or the like 
which provides large capillary force and which pre- 
vents introduction of the air. In addition, the direction 
of the fibers 902 are made parallel with the direction 
of the ink supply pipe 2200. The outside of the bundle 

35 of the fibers is enclosed with a flexible tube 903 made 
of polyethylene or the like. / 

With this structure, the ink is smoothly supplied to 
the ink jet unit, and in addition, the air coming along 
the internal surface of the ink container IT can be stop- 

40 ped so as not to introduce the air into the absorbing 
material. In addition, as shown in Figure 7, the ink sup- 
ply pipe 2200 can perform its function if it is inserted 
into the bundle of the fibers 902. In order to prevent 
the leakage of the ink, the end of the ink supplu pipe 

45 2200 is press-contacted to the bundle 902. The press- 
contact is also preferable to maintain the stabilized ink 
supply. 

It is preferable that the porous material 900 and 
the bundle 902 are simultaneously mounted into the 

so ink container IT. By the simultaneous mounting, the 
undesirable deformation of the bundle 902 can be pre- 
vented, and the contact area between the porous ma- 
terial 901 and the bundle 902 can be stabilized. In 
addition, the non-uniform distribution of the ink can be 

55 prevented. Furthermore, the air is prevented from 
remaining, thus assuring th ink movement through 
the contact area is assured. 

With this structur , the constant quantity of the ink 
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can be retained at all times in the bundle of fibers adja- 
cent the end of the ink supply pipe 2200 for supplying 
the ink to the ink jet head unit IJU. Therefore, the insuf- 
ficient supply of the ink to the ink jet unit IJU can be 
prevented . The bundle 902 retains the ink by the capil- 5 
lary action, and therefore, the retaining characteristics 
are immune to the temperature, humidity, pressure 
and impact thereto. Therefore, the conventional prob- 
lem of the insufficient ink supply due to the ink retain- 
ing charaierisilcs change resulting from the change in io 
the ambient condition, can be prevented. 

Figure 8 shows the ink container according to a 
further embodiment of the present invention. In this 
embodiment, the bundle of the fibers 902 is in the form 
of a rectanglular cylinder. To accomodate it, the por- 15 
ous material 900 has a rectangular cut-away portion. 
The cut-away portion receives the bundle of fibers 
902 enclosed with the partition member. The bundle 
having the rectangular cross-section is also usable 
with the same advantageous effects as in the forego- 20 
ing embodiments: 

As described in the foregoing, according to this 
embodiment of the present invention, the fibers are 
disposed between the inside surface of the container 
and the porous material to stably position the fibers 25 
relative to the porous material, thus preventing insuf- 
ficient ink supply. Using the porous material enclosing 
the bundle of the fibers, is preferable in that the ink 
retaining or ink supplying performance to the contact 
area is enhanced, so that the efficiency of the ink sup- 30 
ply is improved. 

In addition, by the use of the fibers, the formation 
of the air layer can be prevented between the ink 
absorbing material and the ink supply pipe of the 
recording head, and therefore, the deterioration of the 35 
resultant image or the occurence of the ejection fail- 
ure can be assuredly prevented. Thus, the ink con- 
sumption for the recovery operation can be reduced, 
and the reliability of the ink jet cartridge is significantly 
improved. Referring to Figures 9 - 14, a preferable 40 
embodiment of the ink jet recording head and an ink 
jet recording apparatus will be described. In this 
embodiment, the ink absorbing material in the record- 
ing liquid container comprises a first absorbing ma- 
terial exhibiting higher liquid absorbing property and 45 
disposed adjacent to the recording liquid supplying 
pipe (ink discharging side) and a second absorbing 
material exhibiting lower ink absorbing property than 
the first liquid absorbing material. The first absorbing 
material and the second absorbing material are at so 
least partly contacted to each other so as to provide 
the vacuum. 

Figure 9 shows an ink container constituting a 
part of the liquid jet recording head. 

Referring to Figures 10, 11 and 12, the descrip- 55 
tion will be made, before describing the ink container 
of Figure 9, as to an ink jet unit IJU, an ink jet head 
I JH, an ink container IT, an ink jet cartridge I JC, an ink 



jet recording apparatus main assembly IJRA, a car- 
riage HC, to which the present invention is suitably 
incorporated. 

As will be understood from Figure 1 1 which is a 
perspective view, the ink jet cartridge IJC of this 
embodiment has a large ink absorbing region by pro- 
jecting the ink jet unit IJU slightly beyond the front sur- 
face of the ink container IT. The ink jet cartridge IJC 
is supported by an unshown positioning means of the 
carriage HC in the ink jet recording apparatus main 
assembly IJRA and by electric contacts. The ink jet 
cartridge IJC is detachably mountable to the carriage 
HC, wherein the ink can be refilled. 

(i) Ink Unit IJU 

The ink jet unit IJU is of an ink jet recording type 
using electrothermal transducers which generate 
thermal energy, in response to electric signals, to pro- 
duce film boiling of the ink. 

Referring to Figure 10, the unit comprises a hea- 
ter board 100 having electrothermal transducers 
(ejection heaters) arranged in a line on an Si substrate 
and electric head lines made of aluminum or the like 
to supply electric power thereto. The electrothermal 
transducer and the electric leads are formed by a film 
forming process. A wiring board 200 is associated 
with the heater board 100 and includes wiring corre- 
sponding to the wiring of the heater board 100 (con- 
nected by the wire bonding technique, for example) 
and pads 201 disposed at an end of the wiring to 
receive electric signals from the main assembly of the 
recording apparatus. 

A top plate 1300 is provided with grooves which 
define partition walls for separting adjacent ink pas- 
sages and a common liquid chamber for accom- 
modating the ink to be supplied to the respective ink 
passages. The top plate 1300 is formed integrally with 
an ink jet opening 1 500 for receiving the ink supplied 
from the ink container IT and directing the ink to the 
common chamber, and also with an orifice plate 400 
having the plurality of ejection outlets corresponding 
to the ink passages. The material of the integral mold 
is preferably polysulfone, but may be another molding 
resin material. 

A supporting member 300 is made of metal, for 
example, and functions to support a backside of the 
wiring board 200 in a plane, and constitutes a bottom 
plate of the ink jet unit IJU. A confining spring 500 is 
in the form of "M" having a central portion urging to the 
common chamber with a light pressure, and a clamp 
501 urges concentratedly with a line pressure to a part 
of the liquid passage, preferably the part in the 
neighborhood of the ejection outlets. The confining 
spring 500 has legs for clamping the heater board 100 
and th top plate 1 300 by penetrating through the 
openings 3121 of the supporting plate 300 and engag- 
ing the back surface of the supporting plate 300. Thus, 
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the heater board 100 and the top plate 1300 are clam- 
ped by the concentrated urging force by the legs and 
the clamp 501 of the spring 500. The supporting plate 
300 has positioning openings 312, 1900 and 2000 
engageable with two positioning projections 1012 and 
positioning and fuse-fixing projections 1800 anf 1801 
of the ink container IT. It further includes projections 
2500 and 2600 at its backside for the positioning rela- 
tive to the carriage HC of the main assembly IJRA. 

in addition, the supporting member 300 has a 
hole 320 through which an ink supply pipe 2200, 
which will be described hereinafter, is penetrated for 
supplying ink from the ink container. The wiring board 
200 is mounted on the supporting member 300 by 
bonding agent or the like. The supporting member 300 
is provided with recesses 2400 and 2400 adjacent the 
positioning projections 2500 and 2600. 

As shown in Figure 11, the assembled ink jet 
cartridge IJC has a head projected portion having 
three sides provided with plural parallel grooves 3000 
and 3001. The recesses 2400 and 2400 are located 
at extensions of the parallel grooves at the top and 
bottom sides to prevent the ink or foreign matter mov- 
ing along the groove from reaching the projections 
2500 and 2600. The covering member 800 having the 
parallel grooves 3000, as shown in Figure 1 1, consti- 
tutes an outer casing of the ink jet cartridge IJC and 
cooperates with the ink container to define a space for 
accommodating the ink jet unit IJU. The ink supply 
member 600 having the parallel groove 3001 has an 
ink conduit pipe 1600 communicating with the above- 
described ink supply pipe 2200 and cantilevered at 
the supply pipe 2200 side. In orderto assure the capil- 
lary action at the fixed side of the ink conduit pipe 
1600 and the ink supply pipe 2200, a sealing pin 602 
is inserted. 

A gasket 601 seats the connecting portion be- 
tween the ink container IT and the supply pipe 2200. 
A filter 700 is disposed at the container side end of the 
supply pipe. 

The ink supply member 600 is molded, and there- 
fore, it is produced at low cost with high positional 
accuracy. In addition, the cantilevered structure of the 
conduit 1600 assures the press-contact between the 
conduit 1 600 and the ink inlet 1 500 even if the ink sup- 
ply member 600 is mass-produced. 

In this embodiment, the complete communicating 
state can be assuredly obtained simply by flowing 
sealing bonding agent from the ink supply member 
side under the press-contact state. The ink supply 
member 600 may be fixed to the supporting member 
300 by inserting and penetrating backside pins (not 
shown) of the ink supply member 600 through the 
openig 1901 and 1902 of the supporting member 300 
and by heat-fusing the portion where the pins are pro- 
jected through the backside of th supporting member 
300. The slight projected portions thus heat-fused are 
accommodated in rec sses (not shown) in th ink jet 



unit (IJU) mounting side surface of the ink container 
IT, and therefore, the unit IJU can be correctly posi- 
tioned. 



The ink container comprises a main body 1000, 
a first ink absorbing material 900, a second ink 
absorbing material 902 and a cover member 1 100 for 

10 sealing the cartridge afterthe absorbing materials 901 
are inserted through a side opposite from the unit 
mounting side of the assembly 1 000. The ink absorb- 
ing material 900 is inserted into the main body 1000 
from the side opposite from the unit (IJU) mounting 

15 side, and thereafter, the cover member 1 1 00 seals the 
main body. 

The second absorbing material 902 is enclosed 
with a flexible sheet 903 having an opening (not 
shown), and the opening portion is press-contacted to 

20 the first ink absorbing material 900, when it is dis- 
posed in the main assembly 1000. An ink supply 
opening 1200 functions to supply the ink to the unit 
IJU comprising the various elements 100 - 600. The 
opening also functions as an injection port for supply- 

25 ing the ink to the absorbing materials 900 and 902 
therethrough before the unit is mounted to the portion 
1010 of the main assembly 1000 of the cartridge. 

In this embodiment, the ink may be supplied 
through an air vent port and this supply opening. In 

30 order to good supply of ink, ribs 2300 is formed on the 
inside surface of the main body 1000, and ribs 2301 
and 2302 are formed on the inside of the cover mem- 
ber 1 100, which are effective to provide within the ink 
container an ink existing region extending continu- 

35 ously from the air vent port side to that comer portion 
of the main body which is most remote from the ink 
supply opening 1200. The number of the ribs 2300 in 
this embodiment is four, and the ribs 2300 extend par- 
allel to a movement direction of the carriage adjacent 

40 the rear side of the main body of the ink container, by 
which the absorbing material 900 is prevented from 
closely contacted to the inner surface of the rear side 
of the main body. The partial ribs 2400 and 2500 are 
formed on the inside surface of the cover member 

45 1 100 at a position which is substantially an extension 
of the ribs 2300, however, as contrasted to the large 
rib 2300, the size of the ribs 2301 an 2302 are small 
as if it is divided ribs, so that the air existing space is 
larger with the ribs 2400 and 2500 than with the rib 

50 2300. The ribs 2302 and 2301 are distributed on the 
entire area of the cover member 1100, and the area 
thereof is not more than one half of the total area. 
Because of the provisions of the ribs, the ink in the 
corner region of the ink absorbing material which is 

55 most remote from th supply opening 1200 can be 
stably and assuredly supplied to the inlet opening by 
capillary action. The cartridge is provided with an air 
vent port 1401 for communication between th inside 



5 (ii) Ink Container IT 
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of the cartridge with the outside air. Inside the vent 
port 1401, there is a water stopping material 1400 to 
prevent the inside ink from leaking outside through the 
vent port 1401. 

The ink accommodating space in the ink con- 
tainer IT is substantially rectangular parallelepiped, 
and the long side faces in the direction of carriage 
movement, and therefore, the above-described rib 
arrangements are particularly effective. When the 
long side extends along the movement direction of the 
carriage, or when the ink containing space is in the 
form of a cube, the ribs are preferably formed on the 
entire surface of the inside of the cover member 1 100 
to stabilize the ink supply from the ink absorbing ma- 
terial 900. The cube configuration is preferable from 
the standpoint of accommodating as much ink as 
possible in the limited space. However, from the 
standpoint of using the ink with minimum an available 
part in the ink container, the provisions of the ribs for- 
med on the two surfaces constituting a corner. 

In this embodiment, the inside ribs 2301 and 2302 
of the ink container IT are substantially uniformly dis- 
tributed in the direction of the thickness of the ink 
absorbing material having the rectangular paral- 
lelepiped configuration. Such a structure is signific- 
ant, since the air pressure distribution in the ink 
container IT is made uniform when the ink in the 
absorbing material is consumed so that the quantity 
of the remaining unavailable ink is substantially zero. 
It is preferable that the ribs are disposed on the sur- 
face or surfaces outside a circular are having the 
center at the projected position on the ink supply 
opening 1 200 on the top surface of the rectangular ink 
absorbing material and having a radius which is equal 
to the long side of the rectangular shape, since then 
the ambient air pressure is quickly established for the 
ink absorbing material present outside the circular 
arc. The position of the air vent of the ink container IT 
is not limited to the position of this embodiment if it is 
good for introducing the ambient air into the position 
where the ribs are disposed. 

After the ink jet cartridge IJC is assembled, the ink 
is supplied from the inside of the cartridge to the 
chamber in the ink supply member 600 through a sup- 
ply opening 1200, the whole 320 of the supporting 
"member 300 and an inlet formed in the backside of the 
ink supply member 600. From the chamber of the ink 
supply member 600, the ink is supplied to the common 
chamber through the outlet, supply pipe and an ink 
inlet. 1500 formed in the top plate 1300. The connect- 
ing portion for the ink communication is sealed by sili- 
cone rubber or butyl rubber or the like to assure the 
hermetical seal. 

In this embodiment, the top plate 1 300 is made of 
resin material having resistivity to the ink, such as 
polysulfone, polyether sulfone, polyphenylene oxide, 
polypropylene. It is integrally molded in a mold 
together with an orifice plate portion 400. 



As described in the foregoing, the integral part 
comprises the ink supply member 600, the top plate 
1300, the orifice plate 400 and parts integral there- 
with, and the ink container body 1000. Therefore, the 
5 accuracy in the assembling is improved, and is con- 
venient in the mass-production. The number of parts 
is smaller than inconventional device, so that the good 
performance can be assured. 

io (ii) Genera! Arrangement of the Apparatus 

Figure 12 is a perspective view of an ink jet 
recording apparatus IJRA in which the present inven- 
tion is used. A lead screw 5005 rotates by way of a 

15 drive transmission gears 5011 and 5009 by the for- 
ward and backward rotation of a driving motor 5013. 
The lead screw 5005 has a helical groove 5004 with 
which a pin (not shown) of the carriage HC is 
engaged, by which the carriage HC is reciprocable in 
20 directions a and b. A sheet confining plate 5002 con- 
fines the sheet on the platen over the carriage move- 
ment range. Home position detecting means 5007 
and 5008 are in the form of a photocoupler to detect 
presence of a lever 5006 of the carriage, in response 

25 to which the rotational direction of the motor 5013 is 
switched. A supporting member 5016 supports the 
front side surface of the recording head to a capping 
member 5022 for capping the recording head. Suck- 
ing means 5015 functions to suck the recording head 

30 through the opening 5023 of the cap so as to recover 
the recording head. 

A cleaning blade 5017 is moved toward front and 
rear by a moving member 5019. They are supported 
on the supporting frame 5018 of the main assembly 

35 of the apparatus. The blade may be in another form, 
more particularly, a known cleaning blade. A lever 
5021 is effective to start the sucking recovery oper- 
ation and is moved with the movement of a cam 5020 
engaging the carriage, and the driving force from the 

40 driving motor is controlled by known transmitting 
means such as clutch or the like. 

The capping, cleaning an sucking operations can 
be performed when the carriage is at the home posi- 
tion by the lead screw 5005, in this embodiment. How- 

45 ever, the present invention is usable in another type 
of system wherein such operations are effected at dif- 
ferent timing. The individual structures are advan- 
tageous, and in addition, the combination thereof is 
further preferable. 

so In Figure 9, there are shown a first ink absorbing 

material 900 and a second ink absorbing material 
902. The second ink absorbing material 902 has a 
high ink absorbing characteristics than the first ink 
absorbing material 900. In this embodiment, the first 

55 ink absorbing material 900 is of urethane resin ma- 
terial, and th second ink absorbing material 902 is a 
one directional bundle of polyester fibers. 

Th second ink absorbing material 902 is 
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enclosed with a flexible sheet 903 having an opening 
(not shown) at a part thereof. The first and second ink 
absorbing materials 900 and 902 are disposed so as 
to press-contact to each other through the opening 
and is accommodated in the main assembly 1000 of 
the ink container cartridge. 

Figures 13A, 13B, 14A and 14B show the first ink 
absorbing material 900 and the second ink absorbing 
material 902 according to an embodiment of the pre- 
sent invention. 

In Figures 13A and 13B, the first ink absorbing 
material 900 is'partially cut away at the portion having 
the dimension of l 1f l 2 at a corner to provide a stepped 
portion. The lengths ^ and l 2 are smaller than the sec- 
ond ink absorbing material 902 so as to press-contact 
the second absorbing material 902 of Figure 14 to the 
inside surface of the ink container. In this embodi- 
ment, the diameter of the second ink absorbing ma- 
terial 902 is 16 mm, and the lengths \j and \ 2 and 1 1 
mm and 12 mm, respectively. With these dimensions, 
the press-contact between the first ink absorbing ma- 
terial 900 and the second ink absorbing material 902 
was satisfactory at the cut-away portion of the absorb- 
ing material 900. 

In Figure 14, the area of the opening 904 of the 
flexible sheet 903 where the first ink absorbing ma- 
terial 900 and the second ink absorbing material 902 
are directly press-contacted is determined on the 
basis of the characteristics of the recording head and 
the rate of ink supply required. 

In this embodiment, the length [ 3 and \ A are pref- 
erably 12 mm and 16 mm, respectively. If the area of 
the opening 904 is not less than 100 mm 2 , the fibers 
902 are assuredly projected slightly through the open- 
ing, as shown in Figure 14B, so that the side of the 
bundle of the fibers are partly formed into a projection 
or bulge 902A. The bulge 902A functions to receive 
the ink efficiently and not to receive the air. 

As described in the foregoing, according to this 
embodiment when the desired content of the ink is 
obtained by partly discharging the ink after the ink is 
supplied, the press-contact of the flexible sheet 
enclosing the one directional fibers to the inside sur- 
face of the ink cartridge is effective to shut the air com- 
ing along the surface, and therefore, the introduction 
of the air into the ink jet unit can be prevented, thus 
stabilizing the ink supply. 

The ink is discharged or removed from the 
absorbing material having the lower absorbing 
characteristics (porous material or the like) than the 
one directional fibers, and therefore, the fibers are not 
influenced by the non-uniform distribution of the ink at 
the time of the ink discharge. As a result, the introduc- 
tion of the air into the ink jet unit can be prevented, 
thus providing the smooth ink supply. 

Figure 15 illustrates a further embodiment of the 
present invention. Th ink container IT generally com- 
prises a main assembly 1 00A and a cover 8 A for cov- 



ering the opening of the main assembly 100A. 

Into the main assembly 1000A, an end of an ink 
supply pipe 2200 is inserted through one wall thereof. 
The ink supply pipe 2200 functions as an ink supply 
5 passage for supplying the ink in the main assembly 
100A to the ink ejector of the ink jet head. In the main 
assembly 1000A, there are a first absorbing material 
900 made of porous material such as polyurethane 
resin or the like to retain the ink and a second absorb- 
to ing material 905 comprising a bundle of one direc- 
tional fibers 902 (not shown) may be polyester resin 
or the like and a flexible material tube 903 made of 
polyethylene resin or the like and enclosing the bun- 
dle of the fibers. They are compressed in the con- 
15 tainermain assembly 1000A. The tube 903 enclosing 
the second absorbing material 905 is provide with an 
opening 904 functioning as an ink supply port from the 
first absorbing material 900 to the inside 905 of the 
second absorbing material. The fibers 902 extend in 
20 the direction of the length of the tube 903, and the bun- 
dle thereof is compressed in the direction substan- 
tially perpendicular to the direction in which the fibers 
extend. A sealing member 1000B is effective to pre- 
vent the leakage of the ink. 
25 In this structure, the porous material constituting 

the first absorbing material 900 is contacted to the 
peripheral portion of the bundle of the fibers 902 con- 
stituting the second absorbing material 905 through 
the opening 904 of the tube 903 , and therefore, the ink 
30 supply from the first absorbing material 904 to the 
seond absorbing material 905 is assured. The end of 
the ink supply pipe 220 is pressed into the central por- 
tion of an end of the bundle 902 enclosed by the tube 
903, so that the end is positioned in the container 
35 main assembly 1000A. 

it is preferable that the ink container IT has the 
opening 904 in the tube 903, the opening having the 
area S which is not less than 100 mm 2 . The depth of 
insertion of the ink supply pipe 220 at the end into the 
40 tube 903 (I) is preferably not less than 3 mm, and the 
inside diameter D of the tube 903 is not less than 1 .5 
(further preferably 2.0) times the inside diameter d of 
the ink supply pipe 5 at the end. By satisfying them, 
the ink supply is stabilized at high efficiency without 
45 influence to the ejection performance by the ink ejec- 
tor. These conditions are preferably since they are 
satisfied, the advantageous effects of the present 
invention are assured with the manufacturing error or 
the like. The high rate ink supply is possible to permit 
so high speed recording operation. It is further preferable 
that the supply pipe is inserted into the fibers at the 
center of the bundle thereof, and also it is preferable 
that the direction in which the fibers extend is codirec- 
tional with the supply pipe. The diameter of the supply 
55 pipe is preferably not more than 10 times, or further 
pr ferably 5 times. 

In this manner, the concentrated ink supply by the 
bundle of the fibers with the difference of not less than 
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3 mm, if effective to delay the arrival of the air to the 
end of the supply pipe almost until the use-up of the 

ink. 

The contact in the area not less than 1 00 mm 2 be- 
tween the first absorbing material of the porous ma- 
terial and the second absorbing material of fibers, is 
effective to prevent the discontinuance of the ink sup- 
ply path between the first absorbing material to the 
second absorbing material event when the remaining 
amount of the ink reduces or even when the ambient 
condition changes. 

Figures 16 and 17 illustrate a further embodiment. 
In the present invention, the ink supply is better than 
in the conventional structure even if the ink container 
contains small amount of air. However, at the initial 
stage of the use of the ink container, it is preferable 
that there is no air adjacent the contact area between 
the different absorbing materials. In this embodiment, 
the ink can be supplied or re-supplied into the con- 
tainer so that the air does not exists in the 
neighborhood of the contact portion between the two 
ink absorbing materials. In order to solve the prob- 
lems, the recording head of this embodiment is 
characterized by the ink injecting opening formed in 
the ink container wall in the neighborhood of the open- 
ing for permitting direct contact between the porous 
material and the bundle of the fibers. 

With this structure, the discharge outlet of the ink 
container is sealed; the air is removed through the 
above-described air vent 1401 until the vacuum of the 
inside of the ink container is sufficient; the air vent 
1401 is closed; and the ink is injected through the 
injection opening. By doing so, the air does not remain 
in the ink absorbing material, particularly the portion 
between the absorbing materials. 

In addition, a small diameter pipe is inserted into 
the porous material through the air vent, and the ink 
is injected through the pipe so that the air does not 
remain in the ink container. 

Figure 16 shows a further embodiment. In this 
Figure, the same reference numerals as in the forego- 
ing embodiments are assigned to the elements having 
the corresponding functions, and the detailed descrip- 
tion thereof are omitted. 

An ink injecting opening 1000C is provided in the 
ink container itself and is formed adjacent the opening 
904 of the tube 903 enclosing the fibers 902 at the side 
where the porous material 900 is formed. When the 
ink is supplied through the air vent, the air remains in 
the neighborhood of the opening 904 of the tube 903. 
However, by injecting the ink through the injection 
opening 1000C, the air in the porous absorbing ma- 
terial is easily moved to the air vent. In addition, the 
ink is supplied into the fibers through the opening 904, 
and therefore, the air removal from the contact area 
is assured. 

By injecting the ink through th injection opening 
1000C adjacent the opening 904, the quantity of the 



remaing air can be reduced. 

It is preferable that the ink injecting opening 
1000C is provided with a removable cap permitting 
the re-injection of the ink, so that the recording head 
5 is reusable. 

Figure 17 shows a further embodiment wherein 
without the injecting opening 1000C of Figure 14, the 
same advantages can be provided using the air vent 
1401. It is preferable that the injection end of the liquid 
10 injecting pipe is positioned to the neighborhood of the 
contact area between the different ink absorbing 
materials, and the ink is supplied there. The end of the 
injecting pipe may be positioned to the porous ma- 
terial and the fibers. It is most preferable that the end 
15 is positioned correctly at the contact position. When 
the ink container is to be refilled, there exists the 
remaining ink in the contact portion, and therefore, the 
end of the injecting pipe may be slightly away from the 
contact portion, as compared with the case of the ini- 
20 tial supply of the ink thereto. In any case, the ink is 
injected at the neighborhood of the contact portion of 
the ink container. 

By inserting the small diameter pipe 100 through 
the air vent, as shown in Figure 17, the same advan- 
25 tageous effects as in the foregoing embodiment can 
be provided. 

As described in the foregoing, in the ink container 
having plural absorbing materials, the ink injecting 
opening is disposed adjacent the opening permitting 
30 the motion of the ink between the absorbing materials, 
and therefore, the quantity of the ink remaining in the 
container in the absorbing materials can be reduced. 

Since the ink supply side absorbing material of 
the recording head is constituted by fibers enclosed 
35 by a compressing tube, the capillary force is 
increased, so that the air is not easily accumulated 
below the filter. 

Without use of this method, the ink container 
becomes non-usable in one hour at 60 °C acceler- 
40 ation test due to the introduction of the air, but with the 
use of this method, it is extended to 16 hours. 

Figure 18 shows an ink jet recording apparatus 
having electrothermal transducers with plural ejection 
outlets, which is suitably usuable with the present 
45 invention. 

An ink jet head H comprises at least 10 ejection 
outlets, the electrothermal transducers EH corre- 
sponding to the injection outlets and a common liquid 
chamber C commonly communicating with the ejec- 
50 tion outlets. A supply pipe SP functions to supply the 
ink from the ink containing portion to the common 
liquid chamber. A selection circuit EC functions to 
individually or simultaneously driving the electrother- 
mal transducers EH. The recording heads has a com- 
55 mon electrode and is driven by a driving means DM. 
A recording signal generators RS comprises reading 
means, communication means, receiver or a host 
computer or the like. The driving means DM is respon- 
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sive to the recording signal RS, and is capable of driv- 
ing the electrothermal transducers at the driving fre- 
quency of not less than 5 KHz. The direction of the ink 
supply in the pipe SP is indicated by a reference Y. 

In Figure 18, the ink container has the structure 
of any one of the foregoing embodiments. The fibers 
are indicated by ITA, the partition member is indicated 
by HM, the opening of the partition member is indi- 
cated by TH, the air vent is indicated by AH, the ink 
retaining portion is indicated by ITB, which may be in 
the form of the above described porous material or the 
cavity. 

In this embodiment, an end of the ink supply pipe 
is tapered, and a filter is provided for the end, so that 
the filter is inclined relative to the direction of the fib- 
ers. The depth of the insertion in the partition member 
HM is li at minimum and l 2 at the maximum. In this 
case, the insertion depth I is considered as ([ % + [ 2 )/2 
in the foregoing embodiment, and therefore, (\j + \ 2 )/2 
^ 3 mm is practically preferable. Further preferably, 
the minimum depth I, satisfies [^3 mm. The inside 
diameter of the supply pipe is perpendicular to the ink 
supply direction Y, and therefore it is the inside diame- 
ter d at the position in the partition member HM, and 
therefore, S ^ 100 mm 2 , d ^ 1.5D, I ^ 3 mm are pref- 
erable. 

The typical structure and the operational principle 
of preferably the one disclosed in U.S. Patent Nos. 
4,723,129 and 4,740,796. The principle is applicable 
to a so-called on-demand type recording system and 
a continuous type recording system particularly how- 
ever, it is suitable for the on-demand type because the 
principle is such that at least one driving signal is 
applied to an electrothermal transducer disposed on 
a liquid (ink) retaining sheet or liquid passage, the 
driving signal being enough to provide such a quick 
temperature rise beyond a departure from nucteation 
boiling point, by which the thermal energy is provide 
by the electrothermal transducer to produce film boil- 
ing on the heating portion of the recording head, 
whereby a bubble can be formed in the liquid (ink) cor- 
responding to each of the driving signals. By the 
development and collapse of the the bubble, theliquid 
(ink) is ejected through an ejection outlet to produce 
at least one droplet. The driving signal is preferably in 
the form of a pulse, because the development and col- 
lapse of the bubble can be effected instantaneously, 
and therefore, the liquid (ink) is ejected with quick res- 
ponse. The driving signal in the form of the pulse is 
preferably such as diclosed in U.S. Patents Nos. 
4,463,359 and 4,345,262. In addition, the tempera- 
ture increasing rate of the heating surface is prefer- 
ably such as disclosed in U.S. Patent No. 4,313,124. 

The structure of the recording head may be as 
shown in U.S. Patent Nos. 4,558,333 and 4,459,600 
wherein the heating portion is disposed at a vent por- 
tion in addition to the structure of the combination of 
the ejection oulet, liquid passage and the electrother- 



mal transducer as disclosed in the above-mentioned 
patents. In addition, the present invention is applic- 
able to the structure disclosed in Japanese Laid-Open 
Patent Application Publication No. 123670/1984 whe- 

5 rein a common slit is used as the ejection outlet for 
plural electrothermal transducers, and to the structure 
disclosed in Japanese Laid-Open Patent Application 
No. 138461/1984 wherein an opening for absorbing 
pressure wave of the thermal energy is formed corre- 

io sponding to the ejecting portion. This is because, the 
present invention is effective to perform the recording 
operation with certainty and at high efficiency irres- 
pective of the type of the recording head. 

The present invention is effectively applicable to 

15 a so-called full-line type recording head having a 
length corresponding to the maximum recording 
width. Such a recording head may comprise a single 
recording head and a plural recording head combined 
to cover the entire width, 

20 In addition, the present invention is applicable to 

a serial type recording head wherein the recording 
head is fixed on the main assembly, to a replaceable 
chip type recording head which is connected electri- 
cally with the main apparatus and can be supplied 

25 with the ink by being mounted in the main assembly, 
or to a cartridge type recording head having an inte- 
gral ink container. 

The provision of the recovery means and the 
auxiliary means for the preliminary operation are pref- 

30 erable, because they can further stabilize the effect of 
the present invention. As for such means, there are 
capping means for the recording head, cleaning 
means therefor, pressing or sucking means, prelimi- 
nary heating means by the ejection electrothermal 

35 transducer or by a combination of the ejection 
electrothermal transducer and additional heating ele- 
ment and means for preliminary ejection not for the 
recording operation, which can stabilize the recording 
operation. 

40 As regards the kinds of the recording head 

mountable, it may be a single corresponding to a 
single color ink, or may be plural corresponding to the 
plurality of ink materials having different recording 
color or density. The present invention is effectively 

45 applicable to an apparatus having a least one of a 
monochromatic mode mainly with black and a multi- 
color with different color ink materials and a full-color 
mode by the mixture of the colors which may be an 
integrally formed recording unit or a combination of 

so plural recording heads. 

As described in the foregoing, according to the 
present invention, even if the air is introduced into the 
first ink absorbing material, it is not introduced into the 
second ink absorbing material constituted by fibers 

55 extended in the same direction. Therefore, the air is 
not accumulated in th neighborhood of the supply 
port. Therefore, the ink supply is not stopped by the 
air, thus stably supplying the ink. 

13 
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In addition, according to the present invention, 
plural absorbing materials having different configu- 
rations and materials are disposed with a partition wall 
therebetween, which is integral with the inside wall of 
the container. Therefore, the motion of the air due to 
the consumption of the ink can be delayed, so that the 
improper ink supply occurrence can be significantly 
delayed or completely avoided. Therefore, ink can be 
consumed efficiently in connection with the amount of 
the ink contained in the container. 

While the invention has been described with 
reference to the structures disclosed herein, it is not 
confined to the details set forth and this application is 
intended to cover such modifications or changes as 
may come within the purposes of the improvements or 
the scope of the following claims. 

Claims 

1. An ink container, comprising: 

an ink discharging portion for discharging 

ink; 

an air vent; 

first liquid absorbing material for absorbing 
the ink therein; 

a second ink absorbing material, disposed 
between said air vent and said first absorbing ma- 
terial, for absorbing the ink, said first and second 
absorbing materials being at least partly contac- 
ted to each other. 

2. A container according to Claim 1 , further compris- 
ing a partition member for providing a first region 
for accommodating said first absorbing material 
and a second region for accommodating said sec- 
ond absorbing material and for directly communi- 
cating with said air vent, said partition member 
comprising an opening for permitting the contact 
between said first and second absorbing mate- 
rials, and wherein said first absorbing material 
comprises a number of fibrous materials com- 
pressed in the first region, and said second 
absorbing material comprises a continuous por- 
ous elastic material compressed in the second 
region. 

3. A container according to Claim 1, wherein said 
partition member is of flexible resin material 
enclosing the fibrous material and compressing 
them in a direction crossing with lengths of the 
fibrous materials. 

4. A container according to Claim 1, wherein said 
first absorbing material comprises a number of 
fibrous materials compressed in a direction cros- 
sing with the lengths of the fibrous material, and 
a peripheral portion of a bundle of the fibrous ma- 



terial is contacted to said second absorbing ma- 
terial. 

5. A container according to Claim 4, wherein the 
5 contact portion is adjacent a center of the length 

of a bundle of the fibrous material. 

6. A container according to Claim 5, wherein in the 
discharging portion, the longitudinal end portion 

10 of the bundle of the fibrous materials is compres- 

sed at a central portion of the end of the bundle. 

7. A container according to Claim 4, wherein said 
partition member is in the form of a flexible resin 

15 sheet enclosing the fibrous material and is con- 

tained in said ink container with contact to said 
first ink absorbing material. 

8. A method of supplying ink to said ink container as 
20 defined in Claim 1, comprising: 

inserting an ink supply pipe so that an end 
of the supply pipe is adjacent the contact portion; 
and 

supplying the ink through the supply pipe. 

25 

9. A method according to Claim 8, wherein the sec- 
ond absorbing material is in the form of a continu- 
ous porous elastic member compressed in said 
container, and said first absorbing material corrv 

30 prises a number of compressed fibrous materials, 

said container further comprising a partition mem- 
ber enclosing the fibrous material and having an 
opening to permit the contact between the first 
absorbing material and the second absorbing ma- 

35 terial, wherein when the ink is supplied, the end 

of the ink supply member is in the elastic material. 

10. A container according to Claim 1, wherein said 
first absorbing material has a nature of increasing 

40 its volume when the ink is removed thereform, 
and said second absorbing material has a nature 
of increasing its volume by absorbing air when it 
supplies the ink to said first absorbing material, 
wherein capillary force in the first absorbing ma- 

45 terial is larger than that in the second absorbing 

material. 

11. A container according to Claim 10, wherein to 
said discharging portion an ink pipe communicat- 

so ing with a recording head for effecting recording 

operation using bubble created by thermal 
energy, is connectable. 

12. An ink jet recording head detachably mountable 
55 to a recording apparatus, comprising: 

a recording head having a number of ejec- 
tion outlets for ejecting ink and a common liquid 
chamber for supplying ink to the ejecting portions; 
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ink supply member for supplying ink to said 
common chamber; 

an ink container, comprising: an ink dis- 
charging portion for discharging ink; an air vent; 
first liquid absorbing material for absorbing the ink 5 
therein; a second ink absorbing material, dis- 
posed between said air vent and said first absorb- 
ing material, for absorbing the ink, said first and 
second absorbing materials being at least partly 
contacted to each other. 10 

13. A recording head according to Claim 12, further 
comprising a partition member for providing a first 
region for accommodating said first absorbing 
material and a second region for accommodating 1 5 
said second absorbing material and for directly 
communicating with said air vent, said partition 
member comprising an opening for permitting the 
contact between said first and second absorbing 
materials, and wherein said first absorbing ma- 20 
terial comprises a number of fibrous materials 
compressed in the first region, and said second 
absorbing material comprises a continuous por- 
ous elastic material compressed in the second 
region. 25 

14. A recording head according to Claim 12, wherein 
said partition member is of flexible resin material 
enclosing the fibrous material and compressing 
them in a direction crossing with lengths of the 30 
fibrous materials. 

15. A recording head according to Claim 12, wherein 
said first absorbing material comprises a number 

of fibrous materials compressed in a direction 35 
crossing with the lengths of the fibrous material, 
and a peripheral portion of a bundle of the fibrous 
material is contacted to said second absorbing 
material. 

40 

16. A recording head according to Claim 15, wherein 
the contact portion is adjacent a center of the 
length of a bundle of the fibrous material. 

17. A recording head according to Claim 16, wherein 45 
in the discharging portion, the longitudinal end 
portion of the bundle of the fibrous materials is 
compressed at a central portion of the end of the 
bundle. 

50 

18. A recording head according to Claim 14, wherein 
said partition member is in the form of a flexible 
resin sheet enclosing the fibrous material and is 
contained in said ink container with contact to 
said first ink absorbing material. 55 

19. A method of supplying ink to said ink container as 
defined in Claim 12, comprising: 



inserting an ink supply pipe so that an end 
of the supply pipe is adjacent the contact portion; 
and 

supplying the ink through the supply pipe. 

20. A method according to Claim 1 9, wherein the sec- 
ond absorbing material is in the form of a continu- 
ous porous elastic member compressed in said 
container, and said first absorbing material com- 
prises a number of compressed fibrous materials, 
said container furiher comprising 3 partition mem- 
ber enclosing the fibrous material and having an 
opening to permit the contact between the first 
absorbing material and the second absorbing ma- 
terial, wherein when the ink is supplied, the end 
of the ink supply member is in the elastic material. 

21. A recording head according to Claim 12, wherein 
said first absorbing material has a nature of 
increasing its volume when the ink is removed 
therefrom, and said second absorbing material 
has a nature of increasing its volume by absorb- 
ing air when it supplies the ink to said first absorb- 
ing material, wherein capillary force in the first 
absorbing material is larger than that in the sec- 
ond absorbing material. 

22. A recording head according to Claim 21, wherein 
the number of the ejecting portions is not less 
than 10, said recording head further comprises 
electrothermal transducers for creasing a bubble 
through film boiling by thermal energy, provided 
for respective ejecting portions, a filter at an end 
of said ink supply member, wherein said first 
absorbing material comprises a number of fibrous 
materials compressed in the direction crossing 
with the lengths thereof, wherein said partition 
member enclosing said second absorbing mate- 
rials and having an opening for permitting the 
contact between said first and second absorbing 
materials, said filter is inserted into the fibrous 
material in the direction of the length thereof. 

23. An ink jet recording head, comprising: 

a recording head having more than 10 
ejection outlets for ejecting ink and electrothermal 
transducers for the respective ejection outlets for 
creating bubbles through a film boiling by thermal 
energy and a common chamber for supplying the 
ink to the ejection outlets; 

an ink supply member for supplying the ink 
to the common chamber and provided with a filter 
at an ink receiving end thereof; 

a discharging portion for discharging the 
ink to the ink receiving end for said ink supply 
member; 

an air vent; 

a first absorbing material for absorbing ink 
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therein, said first absorbing material comprising a 
number of fibrous materials in a compressed 
state and a flexible resin material enclosing mem- 
ber having an opening for exposing said fibrous 
materials, said first absorbing material exhibiting 5 
ink guiding property; 

a second absorbing material for absorbing 
the ink, disposed between said air vent and said 
first absorbing material, said second absorbing 
materia! being contacted to the fibrous material w 
through the opening, said second absorbing ma- 
terial being compressed to provide vacuum, said 
second absorbing material being of continuous 
porous elastic material; and 

wherein in said discharging portion, a filter 75 
at the ink receiving end of said ink supply member 
is inserted into said first absorbing material in the 
direction of the length of the fibrous material. 



section adjacent to the filter satisfy d ^ 1 .5D, and 
the opening has an area of not less than 1 00 mm 2 . 

25. A recording head according to Claim 24, further 
comprising driving means for driving the 
electrothermal transducers at a frequency not 
less than 5 KHz. 



24. An ink jet recording head, comprising: 20 

a recording head having more than 10 
ejection outlets for ejecting ink and electrothermal 
transducers for the respective ejection outlets for 
creating bubbles through a film boiling by thermal 
energy and a common chamber for supplying the 25 
ink to the injection outlets; 

an ink supply member for supplying the ink 
to the common chamber and provided with a filter 
at an ink receiving end thereof; 

a discharging portion for discharging the 30 
ink to the ink receiving end for said ink supply 
member; 

an air vent; 

a first absorbing material for absorbing ink 
therein, said first absorbing material comprising a 35 
number of fibrous materials in a compressed 
state and a flexible resin material enclosing mem- 
ber having an opening for exposing said fibrous 
materials, said first absorbing material exhibiting 
ink guiding property; 40 

a second absorbing material for absorbing 
the ink, disposed between said air vent and said 
first absorbing material, said second absorbing 
material being contacted to the fibrous material 
through the opening, said second absorbing ma- 45 
terial being compressed to provide vacuum, said 
second absorbing material being of continuous 
porous elastic material; and 

wherein in said discharging portion, a filter 
at the ink receiving end of said ink supply member 50 
is inserted into said first absorbing material in the 
direction of the length of the fibrous material, whe- 
rein a depth of the insertion is not less than 3 mm, 
wherein a diameter D of said ink supply member 
in a perpendicular cross-section with respect to a 55 
direction of the ink supply adjacent the filter of the 
ink supply member and a diameter d of said first 
absorbing material in the perpendicular cross- 
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